This study examined the degree of gastrointestinal (GI) risk and patient-reported outcomes including GI-related symptoms, adherence to non-steroidal antiinflammatory drugs (NSAIDs), disease activity and quality of life (QoL) in patients with ankylosing spondylitis (AS).
| INTRODUC TI ON
Ankylosing spondylitis (AS) is an inflammatory arthritis affecting approximately fewer than 1% of the worldwide population. 1 {Braun, 1998 #1662} According to the 2016 update of the Assessment in Ankylosing Spondylitis International Society (ASAS) and European League Against Rheumatism (EULAR) management recommendations for AS, non-steroidal anti-inflammatory drugs (NSAIDs) are recommended as a first-line treatment option up to its maximum dose in AS patients with pain and stiffness. 2 In addition, NSAIDs were described as the key drugs for the effective management of AS. 3 Despite the clinical usefulness of NSAIDs, they should be carefully selected and prescribed as they often lead to an increase in gastrointestinal (GI) risk that may later lead to the development of GI-related complications. [4] [5] [6] AS patients commonly suffer from an inflamed GI tract. 7 Gastrointestinal side effects have been associated with NSAID use, which may be minor, such as nausea, dyspepsia, anorexia, and abdominal pain, or life-threatening complications such as GI bleeding and perforation. 8 This gastrointestinal risk among NSAID users is known to differ as per demographic and clinical characteristics of each individual patient, 9 and known factors include long-term use and/or high doses of NSAIDs (≥3 months), old age (≥65 years), heavy smoking, heavy drinking, current health status, co-morbidity (cardiovascular, renal and liver diseases, diabetes, hypertension), diagnosis of rheumatoid arthritis, aspirin use, anticoagulant use, corticosteroid use, use of selective serotonin reuptake inhibitor, Helicobacter pylori infection, history of GI symptoms, and history of hospitalization due to GI complications. 10 Therefore, a systematic treatment approach which considers each patient-specific feature should be implemented to minimize GI risk while on a NSAIDs prescription.
Patients' behaviors toward NSAIDs intake need to be monitored. AS is a chronic disease which requires life-long treatment after onset; however, medication adherence of chronic diseases often decreases over time which could compromise the efficacy of NSAIDs. 11 In a systematic review, adherence rate of NSAIDs users was reported between 30% to 65%. 12 According to a double-blind and randomized controlled trial including 140 AS patients, 32% of all patients reported missing 2-10 days of taking NSAIDs medication. 13 Along with clinical considerations for effective AS management, the assessment of patient-reported outcomes (PROs) such as quality of life (QoL) and functional status is an important aspect that should be taken into account as they impact the daily lives of patients. The 2016 update of ASAS/EULAR guidelines clearly state that the primary objective of AS treatment should focus on the maximization of long-term QoL. 2 Previous study findings have demonstrated that the QoL of AS patients was severely impaired and lowered than that of the general population. [14] [15] [16] In addition, the assessment of disease activity is 1 of the widely used PROs to evaluate functional status.
Moreover, several studies have shown that QoL and functional status are closed related with each other. [17] [18] [19] According to previous findings, GI risk, NSAID adherence and PROs including disease activity and QoL showed significant associations with each other. GI-related disorders had negative impacts on NSAID adherence and QoL. 20, 21 However, their complex inter-relationships have been merely studied. Therefore, this study was primarily designed to understand the degree of GI risk and PROs including GI-related symptoms, NSAIDs adherence, disease activity, and QoL, in AS patients. We have further evaluated their inter-relationships by drawing potential paths to QoL.
| ME THODS
This was a cross-sectional, observational study conducted at six nationwide, university-based hospitals of Korea. Data were collected through medical chart review and patients' self-administered questionnaires between March and September, 2016. An informed writ- 
| Data collection
Patients who were diagnosed with AS according to the 1984 Modified New York criteria, 22 and current NSAID users who were treated for at least 2 weeks were considered eligible. Those who were prescribed with NSAIDs as pro re nata, concurrently participating in other drug-controlled studies, in severe/insecure c linical/mental conditions, or confirmed ineligible by the physicians' discretion, were excluded. Patients who met all inclusion criteria were asked to participate on their regular visit to the participating hospitals. The study consecutively enrolled patients and collected data on demographic and clinical features, treatment patterns, NSAIDs adherence, disease activity, and QoL.
| Gastrointestinal risk level: Standardized Calculator of Risk for Events (SCORE)
Gastrointestinal risk was calculated using SCORE. 23 SCORE was based on six predictors: age, current health status, diagnosis of rheumatoid arthritis (RA) which was confirmed by predominant peripheral joint arthritis in this study, duration of corticosteroid use, GI symptoms such as bleedings or ulcers, and hospitalization history due to GI-related symptoms or complications such as heartburn, stomach pain, nausea, vomiting while taking NSAIDs.
The six predictors consisted of yes/no and multiple-choice questions and patients earned a certain score based on the degree of their response to each predictor. A total of the SCORE value ranged from 0 (possible minimum SCORE value) to 37 (possible maximum SCORE value) and was calculated for each patient by adding up all points earned from the six predictors. Patients were further stratified into four risk groups according to the total of their SCORE value. A SCORE value of 10 or less indicated that their risk was low; 11-15 points indicated a moderate risk; [16] [17] [18] [19] [20] points indicated a high risk; and more than 20 points indicated a very high risk.
| Medication adherence: Morisky Medication Adherence Scale-8 (MMAS-8) and NSAID intake rate
The MMAS-eight was used to estimate NSAIDs adherence. It consists of eight items, with scores ranging from 0 to 8 according to the scoring given to each item. 24 The level of adherence was determined as: high adherence = 8, moderate adherence = 6-7, low adherence <6. The patients with high or moderate adherence were defined as NSAID adherent, and those showing low adherence were categorized as non-adherent. In addition to MMAS-8, NSAIDs intake rate of each patient was calculated based on the formula below. 25 NSAID use by means of the ASAS-NSAID score (0-100): Index of NSAID intake = NSAID equivalent score * × Days of intake during period of interest ∧ × Days per week Period of interest in days ∧
| Disease activity: Bath Ankylosing Spondylitis Disease Activity Index (BASDAI)
BASDAI is a self-administered questionnaire to assess disease activity using a visual analog scale (VAS). It consists of six questions on fatigue, spinal pain, joint pain/swelling, areas of localized tenderness, and morning stiffness. Scores of each question ranged from 0 (no problem) to 10 (very severe). Further, the mean of BASDAI scores was calculated as follows:
Further, control level was divided into 2 groups: Optimal control = (BASDAI score < 4), and Sub-optimal control = (BASDAI score ≥ 4). 26 
| QoL: EuroQol-3L
QoL was assessed using EQ-5D-3L, which includes 2 parts; EQ-5D and the EQ-VAS. 27 EQ-5D consists of the following five domains: mobility, self-care, anxiety/depression, usual activities, and pain/ discomfort, with three levels of responses (no problems, some problems, and extreme problems). EQ-5D scores range from −0.229 (possible score of the worst imaginable health status) to 1 (possible score of the best imaginable health status) based on a study by Kang et al. 28 EQ-VAS addresses self-rated health on a vertical VAS with scores ranging from 0 (the worst imaginable health status) to 100
(the best imaginable health status). Higher scores of both measurements correspond to a better QoL. QoL were the last factors, but current GI-related symptoms were set in the path prior to QoL based on logical thinking. In addition to direct paths drawn between each variable in order, based on literature review, we added 2 more direct paths from GI risk and the history of GI-related symptoms to current GI-related symptoms and QoL. To perform the path analyses, patients were stratified by control level of disease activity according to BASDAI.
| Statistical analysis
The magnitude of each path is presented with standardized coefficients. Path was considered significant at P < .05. The fitness of the path model was evaluated significant for the following: P > .05
for Chi-square, goodness of fit index (GFI) >0.9, adjusted GFI (AGF) >0.85, comparative fit index (CFI) >0.9, Tucker-Lewis index (TLI) >0.9, root mean square error of approximation (RMSEA) <0.05, and standardized root mean square residual (SRMR) <0.08. The descriptive and path analyses were performed using the SPSS WIN20.0 and AMOS 19.0 Program, respectively. Table 2 ).
| RE SULTS
According to the SCORE criteria, 37.1% of patients showed moderate to high GI risk while the remaining had a low GI risk ( Table 3) .
None of the patients showed high adherence to NSAIDs as per the MMAS-8. Therefore, 55.3% of patients with moderate adherence were categorized as adherent for further analysis. NSAID intake on an average was 73.0 ± 28.2 (Table 4 ). BASDAI score was 3.5 ± 2.0 on average, and about 40% of patients showed sub-optimal control of disease activity. Overall, QoL according to EQ-5D and EQ-VAS was 0.6 ± 0.3 and 67.4 ± 19.8, respectively (Table 1 ).
In the sub-optimal control group of patients, higher GI risk significantly lowered EQ-5D in both direct and indirect ways. Higher GI risk directly impaired the EQ-5D (b = −0.14, P = .015), and it also negatively affected the EQ-5D through history of GI-related symptoms ( Figure 2A ). For EQ-VAS, GI risk only showed indirect effect on EQ-VAS which was mediated by the history of GI-related symptoms ( Figure 2B) . Likewise, the optimal control group of patients indicated similar trends as that of the sub-optimal group. Higher GI risk had a direct effect on the decrease in EQ-5D (b = −0.17, P = .014) whereas it was found to have indirect effects on EQ-VAS through GI-related symptoms ( Figure 2C,2 ).
| D ISCUSS I ON
We investigated the degree of GI risk and PROs in a large number of AS patients in Korea. The assessment of GI risk among NSAID users has been widely studied using a variety of risk measurement tools in multiple populations. However, only a few studies have enabled the quantification of the degree of GI risk. One cross-sectional study in Korea, which also applied the SCORE criteria to orthopedic outpatients on NSAIDs, reported about 80% of patients showed higher than moderate GI risk. 10 In comparison, a lower percentage of our study patients indicated having higher than moderate GI risk. However, as per this study's results, the prevalence of GI risk was noticeable among AS patients; importance of thorough monitoring and management of GI risks and symptoms in AS patients taking NSAIDs warrants attention.
The primary goal of AS treatment is to minimize structural de- Therefore only moderately adherent patients were defined as adherent. progression. 32 Based on these findings, continuous NSAIDs intake, preferably high dose unless contraindicated, is crucial for better management of AS. For these reasons, our study results on NSAIDs adherence was somewhat striking because no patient showed high adherence. To the best of our knowledge, this study might be the first approach to investigate NSAIDs adherence in AS patients since 1996 in which an electronic device was utilized to assess NSAIDs adherence. 13 Although our results on NSAIDs adherence were merely based on patients' self-reports, which may have led to over/ under-estimation of adherence level, the study findings imply that motivational education should be sought to improve NSAIDs adherence which may consequently affect long-term progression of the disease as well as relief of the symptoms.
The BASDAI has long been studied across countries to assess severity of diseases. In a single-center study in China, BASDAI of the Chinese patients was similar to that of our findings, 33 whereas another Asian study involving a total of 85 Korean patients with AS reported less severity than our study patients. 34 Compared to a previous study of AS patients, our study indicated higher impairment in EQ-5D. 35 Although clinical monitoring of AS may be well-managed, as predicted with their regular visits to university-based hospitals in metropolitan areas, patient-perceived disease outcomes might be neglected. Consequently, efforts including the implementation of strategic interventions to enhance QoL need to be introduced from this perspective.
There have been many studies to determine factors associated with QoL in AS patients, with a couple of studies showing that severe disease activity in BASDAI was the key modifiable and a highly associated variable with impairment in QoL. 36, 37 Based on these findings, we divided our study patients into 2 groups being optimal disease activity and sub-optimal disease activity, and further analyzed the associations of QoL with its potential determinants, the degree of GI risk, the experience of GI symptoms, and NSAIDs adherence using path analysis. With this advanced technique, namely path analysis, we observed that severe GI risk was related to poor QoL, which was mediated by the experience of GI symptoms. We found both direct and indirect pathways of GI risk linked to poor QoL, although the direct paths linking NSAIDs adherence and QoL were insignificant.
Due to the nature of this study where cross-sectional patient survey and retrospective chart review were the primary data sources, it is unclear to infer precise temporal relationships between GI symptoms and NSAIDs adherence.
Although our study included a large number of AS patients who can be a representative of the whole AS population in Korea, the interpretation and utilization of the study results should be carefully done.
First, our study utilized both disease-specific functional disability and generic QoL instruments to measure different aspects of PROs, so the results from the generic QoL instrument were not precisely describing disease-specific QoL. Our study population may have had better access to hospital care which may have led to better disease management. Also, no direct causal inference may be done due to the nature of the study design. For the assessment of a more accurate and direct causal relationship, more controlled studies should be conducted.
Moreover, the study being multi-centric in nature, clustering has not been taken into account. Intra-class correlations have not been estimated and reviewed for each variable in the analysis. In addition, recall bias may be present since the assessment on the symptoms/ complaints during NSAID usage was based on patients' self-reports.
Lastly, the interpretation of GI risk, which was assessed by SCORE, should be cautiously done since SCORE is a disease-specific tool to assess GI risk for arthritis patients, not specific AS patients.
Although our study inherently had several limitations and no direct, causal inference can be made in the relationship of GI risk with QoL, the results clearly provide practical evidence to suggest timely therapeutic strategies be implemented in order to manage GI risk during NSAIDs treatment in AS patients. Therefore, GI risk should be monitored and considered as one of the key factors in order to manage QoL in AS patients on NSAID treatment given there was a significant association between GI risk and QoL. In addition, based on our study objectives and results, we justify the need of a prospective study.
